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FOREV.»ORD 


This  Citrus  Research  Conference  is  being  held  to  bring  to 
members  of  the  citrus  and  allied  industries  in  California  and 
Arizona  the  latest  results  of  research  work  on  the  chemistry  and 
technology  of  citrus  fruits  and  fruit  products  carried  on  by 
laboratories  of  the  Agricultural  Research  Service,  U.  S.  Depart- 
ment of  Agriculture,  and  by  cooperating  laboratories.  Some  of 
the  results  of  work  herein  presented  are  preliminary  in  nature, 
while  others  may  represent  various  stages  of  advancement  or  even 
final  results. 

The  following  research  agencies  are  participating: 

U.  S.  Department  of  Agriculture,  Agricultural  Research  Service 

Western  Utilization  Research  Branch 

Western  Regional  Research  Laboratory  (Branch  Head- 
quarters), Albany,  California 
Fruit  and  Vegetable  Chemistry,  Pasadena,  Calif. 

Southern  Utilization  Research  Branch 

Citrus  Products  Station,  Winter  Haven,  Fla. 

Fruit  and  Vegetable  Products  Laboratoiy,  VJeslaco,  Texas 

University  of  California,  Agricultural  Experiment  Station 
Citrus  Experiment  Station,  Riverside,  Calif, 

Continental  Can  Company,  Chicago,  111. 
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PROGRAM CITRUS  RESEARCH  CONFERENCE 

January  2U,  1956  — 10  Ai^I  to  5 Fil 

(Names  of  those  who  will  present  papers  are  shown  here. 

Complete  authorships  are  shown  on  later  pages.) 
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INTRODUCTORY  REIIARIS.  II.  J.  Copley,  Chief,  Western  Utilization 
Research  Branch,  Albany,  California 

REVIEVJ  OF  THE  CITRUS  RESEARCH  PxIOGRAM  AT  THE  CITRUS  EXPERB-iENT  STATION. 

A.  L.  Boyce,  Director,  University  of  California  Citrus  Experiment 


Station,  Riverside,  California  ♦ 

A PROGRESS  REPORT  ON  THE  CHRONIC  TOXICITY  OF  BIPHENYL k 

Floyd  DeEds,  Albany,  California. 


HEAT  STABILIZATION  IN  THE  PREPARATION  OF  FROZEN  CONCENTRATED  ORAI'IGE  JUICE  5 
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A PROGRESS  REPORT  ON  THE  CHRONIC  TOXICITY  OF  BIPHENYL 
Anthcry  M.  Ambrose,  Albert  N,  Booth,  and  Floyd  DeEds 

Western  Utilization  Research  Branch 
Western  Regional  Research  Laboratory 
Albany,  California 

The  chronic  toxicity  study  on  bipheryl  was  started  with  15  albino  wean- 
ling rats  of  each  sex  on  the  Addis  diet  containing  0«C,  0,001,  0.005, 
0.01,  0.05>  0.10,  0,50,  and  1.0  percent  biphenyl.  Since  composition  of 
the  basal  diet  sometimes  alters  the  toxicity  picture,  a similar  experi- 
ment was  started  about  50  days  later  with  the  coiunercial  Purina  diet. 
Shifting  the  decimal  point  k places  to  the  right  expresses  the  dosage 
levels  in  terms  of  parts  of  biphenyl  per  million  parts  of  diet.  The 
dosage  range  extends  from  10  to  10,000  parts  per  million. 

At  the  present  time,  these  feeding  tests  have  been  in  progress  about  600 
days  with  the  Addis  diet  and  550  days  with  the  Purina  diet.  Effects  on 
growth  rate  have  had  little  significance  after  200  days,  but  during  this 
period  the  food  intake  and  rate  of  growth  were  lower  on  the  0.5  and  1.0 
percent  levels  of  bipheryl  than  on  the  control  diets. 

For  all  practical  purposes  an  increased  mortality  rate  as  compared  with 
the  controls  appears  to  be  limited  to  the  three  highest  dosage  levels: 
namely,  0.1,  0.5,  and  1.0  percent  bipheiyl.  There  is  a slight  sug- 
gestion that  the  mortality  rate  on  the  two  higher  dosages  has  been 
greater  and  has  started  earlier  on  the  Purina  diet  than  on  the  Addis 
diet.  A total  of  7 tumors  have  been  noted  to  date.  They  are  all  in 
the  females  and  probably  unrelated  to  the  bipheryl  intake,  because  of 
their  small  number,  lack  of  relationship  to  dosage  level,  and  absence 
in  rats  on  the  1.0  percent  dosage  level. 

No  conclusions  can  be  drawn  at  present  regarding  the  potential  hazards 
or  margin  of  safety  in  the  use  of  bipheryl.  The  two-year  feeding  per- 
iod is  still  in  progress.  Following  its  completion,  appreciable  time 
will  be  required  to  autopsy  the  hundreds  of  animals,  prepare  stained 
tissue  sections  of  all  organs  and  make  detailed  examination  for  evi- 
dence of  damage. 
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HEAT  STABIUZATION  IN  THE  PREPARATION  OF  FROZEN 
CONCENTRATED  ORANGE  JUICE 

Owen  IJ.  Bissett  and  M.  K.  Veldhuis 

Southern  Utilization  Research  Branch, 

U,  S.  Citrus  Products  Station,  lAnter  Haven,  Florida 

and 

R.  B.  Guyer  and  W.  M.  Miller 
Continental  Can  Compare,  Inc.,  Chicago,  Illinois 

During  the  past  three  years  the  U.  S.  Citrus  Products  Station  and  the 
Continental  Can  Company,  Inc.,  have  cooperated  in  an  extensive  citrus 
.research  program  at  the  Winter  Haven  Station.'  Investigations  included; 
(1)  heat  treatments  at  different  teirperatures  for  several  intervals. of 
time;  (2)  a comparison  of  several  irethods  of  heat  stabilization;  (3)  o 
stucfy  of  seasonal  and  varietal  factors  as  related  to  heat  stabiliza- 
tion; (U)  effect  of  heat  treatment  at  intermediate  levels  of  concentra- 
tion; and  (5)  production  and  stability  of  high-Brix  concentrate. 

In  the  first  series  of  experiments  a small  tube  heat  exchanger  was  used 
to  give  a wide  range  of  treatment  temperatures  and  holding  times.  Heat- 
ing at  150°F.  for  15  seconds  or  160®F«  for  5 sersonds  reduced  the  pec- 
tinesterase  (PE)  activity  75  percent  or  more.  Little  benefit  was  found 
in  heating  for  more  than  15  seconds  with  the  exception  of  1U0°F.  treat- 
ment. The  PE  activity  was  greatly  reduced  with  increasing  treatment 
temperatures  in  the  range  of  ll^O®  to  170®F.  but  cloud  stability  was  not 
proportional.  Further  increase  in  treatment  temperature  in  the  range 
of  170°  to  180°F. - effected  relatively  small  further  reductions  in  PE 
activity  but  gave  a pronounced  increase  in  cloud  stability. 

In  the  second  portion  of  the  investigation  steam  injection  was  more 
efficient  in  inactivating  PE  at  150°F.  than  either  the  small- tube  or 
plate  type  pasteurizers.  With  higher  treatment  temperatures  there  was 
little  difference  in  residual  PE,  yet  the  stability  of  the  steam- 
injection  product  was  as  good  as,  or  better  than,  that  of  either  of  the 
other  heat  exchangers. 

The  third  portion  was  concerned  with  seasonal  and  varietal  factors  as 
related  to  heat  stabilization.  Heat  treatment  at  150°  and  160°F.  was 
more  effective  in  inactivating  PE  in  Valencia  juice  and  least  in  Hamlin 
juice.  Hamlin  and  Pineapple  varieties  showed  little  effect  of  maturity 
on  enzyme  inactivation  and  yet  treatment  at  150°  and  160°F.  was  some- 
what more  effective  with  early  Valencia  juice  than  with  late  Valencia 
juice.  Similar  trends  were  noted  for  cloud  stability.  Seasonal  and 
varietal  factors  are  being  investigated  further  during  the  1955-56 
season. 
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In  the  fourth  portion  the  effect  of  application  of  heat  at  intermediate 
levels  of  concentration  was  studied*  This  stu^  is  not  complete,  but 
so  far,  no  appreciable  difference  in  residual  enzyme  activity  due  to 
the  concentration  has  been  noted.  However,  the  cloud  was  more  stable 
than  when  heat  was  applied  to  the  single -strength  juice. 

The  fifth  portion  was  concerned  vjith  the  production  and  stability  of 
high-Brix  (5Q«5®)  concentrate.  These  products  were  inherently  more 
stable  than  comparable  Brix  prbducts.  The  Brix  concentrates  of 
1$)*^F.  treatment  were  equivalent  in  cloud  stability  to  58*5®  Biix  con- 
trols of  no  heat  treatment,  and  the  15t)®F.  treatment  in  preparation  of 
the  high-Brix  product  gave  complete  cloud  stability  for  at  least  h2 
days.  In  processing  high-Brix  concentrates  only  half  the  evaporator 
feed  Juice  need  be  heated  to  19)®F.  to  insure  complete  cluud  stability 
for  at  least  h2  days. 

When  evaporator  products  of  62®,  6U®,  and  66°  Brix  which  had  received 
150°F.  treatment  were  cut  back  with  unheated  Juice  to  58*5®  Brix,  all 
products  over  the  entire  range  of  concentration  levels  and  treatment 
temperatures  were  stable  for  at  least  k2  days. 

There  were  two  instances  in  which  the  taste  panel  noted  flavor  differ- 
ences. Concentrate  prepared  from  late  Valencia  Juice  was  considered 
more  desirable  than  that  from  earlier  Valencia  fruit.  In  late-season 
pineapple-orange  concentrates  there  were  definite  indications  that 
heat  treatments  of  170°  and  180°F.  affected  the  flavor. 
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FURTHER  STUDIES  ai  THE  iiECHA'liSMS  OF  CLOUD  LOSS 
IIT  FROZELI  CITRUS  COMCEHTRATES 


R.  J.  HcCoHoch  and  Bruno  Gentili 

VJestem  Utilization  Research'  Branch 
Fruit  and  Vegetable  Chemistry  Laboratory 
Pasadena,  California 


Studies  of  the  meclianisms  of  cloud  loss  in  frozen  orange  concentrates 

have  been  continued.  These  studies  indicate  that  oxidative  systems  in 

citrus  fruits  and  unheated  orange  concentrates  play  an  important  role 

in  cloud-loss  phenomena. 

/ 

Commercially  packed  frozen  orange  concentrates  are  saturated  with  air. 
Hanometric  studies  show  that  in  the  presence  of  oxygen  unheated  orange 
concentrates  carry  on  a slow  but  significant  respiration.  Therefore, 
oxidative  reactions  are  certain  to  occur  in  orange  concentrates  at 
elevated  temperatures  and  may  affect  flavor  and  nutritive  value  as 
well  as  cloud. 

In  one  experimental  pack  so  far  studied,  it  was  found  that  cloud  is 
significantly  more  stable  in  concentrate  packed  under  high  vacuum 
than  in  the  same  concentrate  packed  at  atmospheric  pressure  after  air 
had  been  mechanically  whipped  into  it.  The  lot  of  concentrate  used  in 
these  studies  had,  however,  an  exceptionally  high  inherent  cloud 
stability  for  its  pectinesterase  (HC)  content,  and  further  studies 
with  additional  lots  would  be  necessary  to  establish  any  real  advan- 
tage of  vacuum  packing. 

Studies  of  oxidative  systems  that  could  lead  to  degradation  of  pectic 
substances  have  shown  that,  under  the  conditions  of  pH  and  the  sugar 
and  acid  content  of  orange  concentrates,  pectin  is  rapidly  degraded 
in  the  presence  of  ascorbic  acid  and  peroxide.  Ascorbic  acid  is,  of 
course,  present  in  citrus  products  and  preliminary  work  indicates  that 
traces  of  peroxides  may  also  be  present.  The  possible  role  of  this 
oxidative  pathway  of  pectin  degradation  in  cloud  loss  is  under  study. 

Studies  are  continuing  on  the  acceleration  and  inhibition  of  cloud  loss 
by  various  chemical  agents.  Acceleration  of  cloud  loss  in  orange  con- 
centrates by  added  peroxide  appears  to  be  related  to  a heat- labile 
enzyiTfi  system.  Relatively  large  amounts  of  the  enzyme  catalase  have 
been  found  in  unheated  orange  concentrates.  Its  activity  is  associated 
almost  exclusively  with  the  insoluble -solids  portions  of  the  concen- 
trate; little  or  no  activity  is  found  in  the  clear,  filtered  serum.  The 
relationship  of  this  enzyme  to  cloud  stability  is  obscure  at  present . 

Fumaric  acid,  a naturally  occurring  constituent  of  living  cells,  is 
the  most  effective  inhibitor  of  cloud  loss  in  orange  concentrates  so  far 
discovered.  Both  fumaric  acid  and  its  sodium  salts  have  been  found  to 
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bring  about  a 50/S  or  greater  inhibition  of  cloud  loss  in  California 
orange  concentrates  at  the  0,025  to  0,05  molar  level.  Combinations  of 
sodium  fumarate  with  mild  heat  treatments  are  very  effective  in  stabili- 
zing orange  concentrate. 

In  spite  of  repeated  attempts,  no  relationship  has  been  found  between 
fuinarate  and  K activation  or  inactivation,  nor  has  it  been  possible  to 
establish  any  interaction  of  fumaric  acid  and  pectic  substances.  This 
failure  casts  further  doubt  on  the  role  of  PE  in  cloud  loss. 

Publication:  Properties  of  Stored  Frozen  Orange  Concentrate  Observed  by 

Differential  Cloud  Determination,  R,  J,  KcColloch  and  R,  G,  Rice,  Food 
Technol.  9,  70  (1955). 
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IDEmFrCAHON  OF  THE  CONSTITUENTS  OF  LEMON  OIL 

W.  L.  Stanley,  W«  B.  Davie,  and  S.  H.  VannLer 
Western  Utilization  Research  Branch 
Fruit  and  Vegetable  Chemistry  Laboratory; 

Pasadena,  California 

During  the  past  year  work  was  initiated  at  this  laboratory  on  the  chem- 
ical composition  of  commercial  lemon  oils.  The  purpose  was  to  apply 
recently  developed  chromatographic  techniques  to  determine  their  chemi- 
cal composition;  to  stucfer  processing,  seasonal,  and  geogrsqDhic  varia- 
tions and  differences  in  maturity  affecting  the  composition  of  lemon 
oils;  and  to  establish  the  compositional  identity  of  genuine  oils. 

Conventional  adsorption  chromatographic  techniques  on  silicic  acid  de- 
veloped in  this  laboratory  by  Dr,  J,  G.  Kirchner  for  the  study  of  the 
volatile  constituents  of  grapefruit  and  orange  Juices  were  employed  to 
obtain  an  initial  separation  of  cold-pressed  California  lemon  oils  into 
12  to  15  fractions  homogeneous  to  silicic  acid  adsorption,  but  probably 
in  maiy  instances  containing  more  than  one  component.  Ihese  fractions 
will  be  further  separated  by  vacuum  distillation  or  by  vapor-phase 
chromato  gr  aphy  • 

From  the  fractions  obtained  by  chromatography  on  columns  of  powdered 
silicic  acid  U solid  compounds  have  been  isolated.  These  compounds  are 
believed  to  contain  the  coumarin  nucleus.  They  impart  a blue  fluores- 
cence to  lemon  oil  when  it  is  exposed  to  ultraviolet  light  and  are  re- 
sponsible for  the  characteristic  spectral  absorption  peak  of  lemon  oil 
appearing  at  about  315  millimicrons;  on  this  absorption  is  based  a re- 
cent A.O.A.C.  method  for  characterizing  lemon  oils. 

Two  of  these  ccsnpounds  give  an  intense  blue  fluorescence  under  ultra- 
violet light:  one,  limettin  (5,7-dimethoxycoumarin)  has  been  previously 

reported  to  be  in  lemon  oil  and  dried  lemon  peel;  the  other,  7-niethoxy- 
5- geranoxy coumarin,  has  been  reported  in  West  Indian  lime  cll  and  oil  of 
bergamot. 

The  other  two  solid  compounds  do  not  fluoresce  under  ultraviolet  light. 
From  carbon  and  hydrogen  analyses,  ultraviolet  absorption  spectra, 
cleavage  with  weak  acids,  and  behavior  in  the  vanillin-hydrochloric 
acid. test  for  phloroglucinol,  these  compounds  have  been  tentatively 
assigned  the  furocoumarin  structure.  They  are  thought  to  be  bergamottin, 
previously  reported  to  be  in  oil  of  bergamot,  and  the  hitherto  unre- 
ported structural  isomer  of  bergamottin  which  we  have  given  the  name 
iso-bergamottin.  The  four  solids  constitute  a consistent  series  based 
on  the  biological  precursor  phloroglucinol  (1,3,5-trihydroxybenzene). 
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A quantitative  method  of  analysis  using  ’•  chromatostrip”  techniques  is 
being  used  to  determine  the  amounts  of  the  blue- fluorescing  compounds 
in  lemon  oil.  Analyses  of  samples  of  l^on  oil  are  under  way  to  de- 
termine the  pattern  of  their  occurrence  as  governed  ty  processing, 
seasonal,  maturative,  and  geographic  factors.  This  method  could  be 
applied,  thou^  not  so  convenient^,  to  the  two  nonfluorescing  compounds. 
Ihese  cc»npounds  were  found  to  be  absent  in  distilled  lemon  oil,  and  the 
oils  of  bitter  orange,  sweet  orange,  and  grapefruit.  Althou^  present 
in  lime  oil  they  are  in  extremely  different  and  easily  recognizable 
relative  proportions. 

We  have  also  obtained  evidence  that  at  least  k aldehydes  are  present  in 
lemon  oil,  one  of  i^ich  is  probably  either  decanal  or  dodecanal. 
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CHANGES  IN  THE  CAROTENOID  PIGMENTS  OF  VALENCIA  ORANGE  JUICE 
DURING  CONCENTRATION,  POWIER  PREPARATION  AND  STORAGE  THEREOF 

A.  Laurence  Curl 

•Western  Utilization  Research  Branch. 

Western  Regional  Research  Labcratoiy* 

Albaiy,  California 

The  off-flavor  which  develops  in  canned  orange  juice  or  powder  on  pro- 
longed storage  may  originate,  at  least  in  part,  in  the'  carotenoid  pig- 
ments. The  carot^oids  of  California  Valencia  orange  juice  were  prev- 
iously investigated.  Countercurrent  distribution  in  a glass  Craig 
apparatus  was  employed  to  separate  the  carotenoids  into  6 fractions — 
hydrocarbons,  monols,  diols,  monoether ‘ diols , diether  diols,  and  poly- 
ols. These  fractions  were  then  resolved  by  chromatography  into  26  com- 
ponents, riot  counting  cis-isomers' which  may  be  artifacts. • Five  of 
these  contained  epoxide  groups,  9 furanoxide  groups,  and  2 both  groups. 
These  cyclic  ethers  amount  to  over  half  of  the  carotenoid  content  of 
orange  juice. 

The  carotenoids  were  investigated  in  a similar  manner  in  samples  of 
frozen  single-strength  and  concentrated  juices  prepared  from  Florida 
Valencia  oranges.  The  total  carotenoid  content  of  the  Florida  Valencia 
juice  was  somewhat  lower  than  that  of  California  Valencia  juice;  how- 
ever, the  compositions  of  the  pigment  mixtures  were  similar.  Three 
minor  constituents  were  found  in  Florida  juice  which  have  not  yet  been 
found  in  California  juice.  There  was  no  significant  difference  between 
the  composition  of  the  carotenoid  mixtures  from  the  frozen  s ingle - 
strength  and  concentrated  Florida  juices. 

Powdered  juice  was  prepared  by  the  puff-drying  process  from  the  concen- 
trate to  which  had  been  added  additional  suspended  material  (which  in- 
cludes the  carotenoid  pigments)  from  single-strength  juice.  Examination 
of  the  carotenoid  fraction  of  the  powder  showed  that  a minor  part  of  the 
carotenoid  epoxides  had  been  isomerized  to  furanoxides.  This  acid- 
catalyzed  isomerization  results  in  paling  of  the  color,  since  the  fur- 
anoxides absorb  light  at  shorter  wavelengths  than  the  corresponding 
epoxides.  There  was  no  apparent  change  in  the  non-ether  carotenoids. 

The  powdered  juice  was  conditioned  for  78  days  at  77®F.  in  order  to 
reduce  the  moisture  content  to  the  desired  level.  Examination  of  the 
carotenoids  at  this  time  showed  that  over  half  of  the  epoxides  had  been 
converted  to  the  isomeric  furanoxides.  There  were  no  significant  changes 
in  the  non-ether  carotenoids.  On  storage  of  the  conditioned  powder  for 
6 months  at  lOO^F.,  a loss  of  about  15  percent  of  the  total  carotenoids 
occurred.  However,  no  loss  occurred  in  the  provitamin  A carotenoids 

(a-  and  0- carotenes  and  cryptoxanthine) . Two  others  (phytoene  and 
phytofluene)  likewise  showed  no  losses.  A loss  of  10  to  27  percent  was 
suffered  by  certain  of  the  carotenoids  (zet a- carotene,  hydroxy-o^ 
carotene,  lutein,  and  zeaxanthine) . On  the  other  hand  the  epoxide 
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carotdnoids  had  entirely  disappeared.  \‘\/hile  the  corresponding  fur- 
anoxides  increased,  this  increase  was  much  less  than  the  epoxide  de- 
crease, thus  suggesting  that  some  other  change  had  occurred.  “Die 
carotenoid  epoxides  are  mild  oxidizing  agents.  Reactions  involving 
this  property  may  result  in  substances  causing  off-flavor,  either  from 
the  carotenoids  themselves  or  from  the  accomparying  lipides. 

Publications 

A.  L.  Curl.  Application  of  Countercurrent  Distribution  to  Valencia 
Orange  Juice  Carotenoids.  J.  Agr.  and  Food  Chem. , 1,  U56  (1953)* 

A.  L.  Curl  and  G.  F.  Bailey.  Polyoxygen  Carotenoids  of  Valencia 
Orange  Juice.  J.  Agr.  and  Food  Chem.,  685  (195U)» 

A.  L.  Curl  and  G.  F.  Bailey.  The  State  of  Combination  of  the 
Carotenoids  of  Valencia  Orange  Juice.  Food  Research,  371  (1955)* 

A.  L.  Curl  and  G.  F.  Bailey.  The  Carotenoids  of  Aged  Canned  Valencia 
Orange  Juice.  J.  Agr.  and  Food  Chem.,  in  press. 

A.  L.  Curl  and  G,  F.  Bailey.  The  Carotenoids  of  Valencia  Orange  Peel 
and  Pulp.  J.  Agr.  and  Food  Chem.,  in  press. 
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IDEITIFIGATIOII  (F  THE  FUVOIIOID  COHSTITUEHTS  OF  THE  LEilON 

R.  M.  Horowitz 


Western  Utilization  Research  Branch 
Fruit  and  Vegetable  Chemistry  Laboratory 
Pasadena,  California 


The  flavonoid  constituents  of  citrus  fruits,  particularly  the  lemon,  have 
been  the  subject  of  numerous  studies  in  recent  years,  lluch  of  the  un- 
certainty regarding  the  therapeutic  properties  of  various  flavonoid  prepa- 
rations stems  from  the  fact  that  compounds  of  doubtful  identity  have 
often  been  used.  A more  detailed  knowledge  of  the  flavonoids  of  lemon  is 
desirable,  not  only  because  of  their  use  in  therapy,  but  also  because  they 
have  been  iiT5)licated  as  possible  substrates  involved  in  the  darkening  of 
processed  lemon  juice. 

Experiments  have  been  undertaken  to  identify  flavonoids  present  in  the 
lemon  and  to  isolate  them  in  amounts  large  enough  for  further  study, 
particularly  of  their  physiological  effects.  The  general  procedure  has 
been  to  extract  dried,  powdered  lemon  peel  vzith  successive  portions  of 
petroleum  ether,  ether,  acetone,  and  methanol.  The  main  portion  of 
flavonoid  glycosides  is  contained  in  the  methanol  extract,  although  a 
smaller  quantity  is  also  found  in  the  acetone  fraction. 

Examination  of  the  extracts  by  paper  chromatography  shows  the  presence 
of  about  five  principal  flavones  and  flavanones  (one  of  which  is  hes- 
peridin),  although  a number  of  others  are  present  in  smaller  quantity. 

One  of  the  flavones  present  in  large  amount  has  been  isolated  and  iden- 
tified as  diosmin  (3S5^7-trihydroxy-U'-methoxyflavone  7-rhamnoglucoside) . 
It  is  estimated  to  comprise  roughly  0.3-0. 5^  of  the  weight  of  the  dried 
peel  and  ci^^stallizes  from  the  extracts  together  with  hesperidin.  It  may 
be  separated  from  the  latter  compound  by  prolonged  heating  with  methanolic 
hydrochloric  acid,  which  hydrolyzes  aind  dissolves  the  hesperidin  but  does 
not  affect  the  extremely  insoluble  diosmin.  The  identity  of  the  diosmin 
was  proved  by  comparing  the  melting  point,  R^  values  and  absorption  spect- 
rum with  those  of  an  authentic  sample  of  the  compound  prepared  by  the 
oxidation  of  hesperidin.  In  addition,  the  compound  was  hydrolyzed  to  di- 
osmetin,  rliamnose  and  glucose,  all  of  which  were  characterized.  Examina- 
tion of  an  extract  of  Valencia  oranges  failed  to  show  the  presence  of  di- 
osmin in  significant  quantity. 

During  the  course  of  this  work  a color  reaction  was  found  which  appears 
to  be  specific  for  detecting  flavanones  in  the  presence  of  other  flavo- 
noids. The  tent,  which  may  be  applied  either  in  solution  or  on  paper 
chromatograms,  depends  on  the  production  of  a purple  color  when  the  flava- 
none  is  reduced  with  sodium  borohydride  and  treated  with  acid.  Flavonoids 
other  than  flavanones  give  a yellow  color  visible  in  ultraviolet  light. 
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PtiySIOLOGICAL  EFFECTS  AI’ID  IluTABOLISM  OF  CITRUS  FUVONOIDS 


Albert  iU  Booth,  Floyd  DeEds,  and  Francis  T.  Jones 


Western  Utilization  Research  Branch 
Western  Regional  Research  Laboratory 
Albany,  California 


Vitamin  P is  the  term  given  by  Szent-C3yorgyi  in  1936  to  the  material  in 
a citrus  fraction  that  is  capable  of  clearing  up  the  hemorrhagic  con- 
dition in  scurvy.  It  is  a well-established  fact  that  ascory.c  acid 
(vitamin  C)  deficiency  is  the  cause  of  scurvy,  but  Szent-Gyorgyi  and  co- 
workers claLmed  that  administration  of  ascorbic  acid  to  scorbutic  r^uinea 
pigs  did  not  remove  residual  hemorrhagic  symptoms  without  simultaneous 
administration  of  the  citrus  fraction.  Since  the  cutaneous  hemorrhages 
observed  in  scurvy  were  presumed  to  be  associated  with  an  increased  per- 
meability of  the  cutaneous  capillaries,  the  citrus  factor  visualized  as 
decreasing  the  penneability  was  named  vitamin  P. 

Vitamin  P lacks  the  characteristics  of  a true  vitaiiu\n.  The  naturally  oc- 
during  product  is  not  a single  chemical  entity.  A state  of  vitamin  P 
deficiency  has  never  been  produced  expeiamentally  in  the  presence  of  an 
adequate  intake  of  recognized  nutrients.  More  correctly  speaking,  the 
vitamin  P concept  includes  a group  of  pharmacological  properties  and 
physiological  effects  possessed  in  varying  degrees  by  a group  of  chemi- 
cally related  compounds  known  as  flavonoids.  The  flavonoids  are  widely 
distributed  in  the  plant  kingdom.  They  are  found  in  our  fruits  and  vege- 
tables. The  hesperidin  of  oranges,  the  naringin  of  grapefruit,  tho  dios- 
min  and  possibly  eriodictyol  of  lemons  are  a few  of  the  better  known 
flavonoids  in  citrus  fruits. 

Since  the  original  announcement  of  so-called  “vitamin  P“  in  1936,  an  exten- 
sive literature  of  approximately  1000  references  has  developed.  This  lit- 
erature, which  is  sometimes  contradictory  and  difficult  to  evaluate,  re- 
ports studies  involving  experimental  animals  under  a variety  of  conditions, 
but  the  buUc  of  it  concerns  clinical  use  of  flavonoids  in  many  disease 
states  directly  or  indirectly  associated  with  bleeding  tendency  or  ab- 
normal functioning  of  the  capillaries.  In  an  effort  to  establish  a back- 
ground of  reproducible  findings  on  experir.iental  animals  under  controlled 
conditions,  studies  imth  flavonoids  have  been  made  on  the  protective  ac- 
tion toward  epinephrine,  the  effect  on  cutaneous  capillaries  subjected  to 
local  irritation,  the  effect  in  acute  cold  injury  and  the  metabolic  fate 
after  oral  administration  to  animals. 

In  general,  the  flavonoids  retard  the  oxidation  of  epinephrind  and  ascorbic 
acid,  decrease  the  dilatation  of  the  capillary  network  following  irritation, 
decrease  the  severity  of  cold  injury  and  are  metabolized  to  various  phen- 
olic acids — phenyl  propionic  acids  in  the  case  of  the  citrus  flavonoids 
studied  to  date. 
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EFFECTS  OF  PROCESSH'IG  AIID  STOiiAGE  Oil  CHANGES  IN  THE  AiaNO  ACID  COI4POSITIOH 

OF  CAiniED  ORAI'IGE  JUICE 

L.  B.  Rockland  and  E.  B.  Luchsinger 

Western  Utilization  Research  Branch 
Fruit  and  Vegetable  Chemistry  Laboratory 
Pasadena,  California 


It  was  reported  previousjiy  that  excessive  heating  of  orange  juice  caused 
the  partial  destruction  of  several  amino  acids  including  alanine,  serine, 
aspartic  acid,  glutamic  acid,  qysteine,  and  the  tripeptide,  glutathione. 
Therefore,  it  was  of  interest  to  determine  whether  the  free  amino  acid 
content  of  orange  juice  would  be  affected  significantly  under  processing 
and  storage  conditions  more  closely  resembling  those  actually  encountered. 

Approximately  50  gallons  of  a homogeneous  batch  of  commercially  reaimed  and 
deaerated  California  Valencia  orange  juice  (Brix:acid  ratio=13:6)  were 
filled  into  approximately  l500  enamel-lined  6-oz.  cans  under  an  inert  gas 
and  transported  to  the  laboratoiy  at  32 ®F.  in  a refrigerated  truck.  No 
significant  flavor  change  was  observed  during  storage  for  U8  hours  at  this 
temperature.  The  juice  was  processed  in  a hot-water  bath  with  vigorous 
agitation  as  follows; 


Processing 

Processing  time= 

temperature= 

Minutes 

Batch 

®F. 

1 

2 h 

8 16 

A 

160 

X 

B 

l80 

X 

X X 

C 

190 

X X 

X 

D 

200 

X 

X X 

E 

210 

X 

Approximately  one  minute  each  was  required  to  raise  the  juice  to  the 
processing  temperature  and  lower  it  to  the  temperature  of  the  cooling 
water.  Samples  were  stored  at  0®,  UO®,  70®,  and  100®F.  and  are  being 
removed  periodically  for  measurement  of  changes  in  flavor,  color,  and 
cloud  stability,  as  well  as  for  the  estimation  of  changes  in  the  aspartic 
acid,  glutamic  acid,  alanine,  serine,  arginine,  proline,  and  gamma-amino- 
butyric acid  content  of  the  juice. 

The  control  sample,  the  eleven  lots  of  heat-processed  juice,  and  a sample  of 
commercially  pasteurized  juice  from  the  same  lot  were  analyzed  at  zero  stor- 
age time  to  estimate  the  effects  of  the  various  processing  conditions.  Mini 
mal  changes  in  all  vairiables  occurred  during  processing.  However,  optimum 
flavor  retention  was  observed  at  processing  tenperatures  between  l80®  and 
2C0®F.  Analyses  of  samples  after  three  months’  storage  at  UO®,  70®,  and 
100®F.  are  now  in  progress.  Storage  studies  will  be  continued  for  an  ad- 
ditional period  of  three  months. 


ai3l  <miJ.  ict  :t  sc.v,;oi:  or.v  ■ ' -"S 
v Y'  ■ ■ :•=>  ‘ isluv  hQj^p  C'iirvvs  lo. 

.vv^orij  oriioXj»O'0wi  .6  < - 


<r» 


^nr.  j.b.*i'i 

= rrrtr^  » ? f *■.!!  . fc.ft£ihi=  2 ^ 


i*' 


*tV. 


61%.  .rii.3\F.  ’Mj  ^io>f(ft7ab  oi  ^»*3Bi-^t9flT  . ^ 

’ K^>i^6lil3  €''*1  'ijLU^^t!  ->^1'X  ©^'’'^'VO  Iff  -iXtOO  * 

xirsu^Je  6a<^i^  ivJrlcSl^ieo*!  -/£^Xa  s-r::-';  ^^ot4/UvrJ  D^s^o43.i>i:H 

*"^W  - ’ *■  % ' ' V 

bm-h^xs^z,  Xj^ijii'yi^n^soo  'to  3uc90&j^cus50t1  a 

Itoi  ::cli8)  ^*aJxt  arjrurro  J&iorj^XxV  i>a^e-ieA3b  J,  ^ 

Ls  n^ym  erucD  .so-d  bafiil-l‘>iftafis  T<M  '>#at='6C‘XXl'l  ^,* 

-Ji  ‘ ^ rt  .t*Al  '^jio75-rn-l*:i  erU  OJ  i) r,:Hoq30&*i7#%p  / 

^lrt*i  ^XiSCtd  6ji  'lol  r*^cn:o*ti  i?S-‘*;30CO  ^crY^4► 

--  ■ ri(tJr»»  (Had'  ^3Cissv*~70if  >>  r*l  ^osu^  • ,!  i 

•wK*XIoi  e«  ' 

:.  * ■ -T^t 

^ . ; * .ii 


dt  d "U  ^ ^ 


to  sX(5iu6s  6 6a&  ,c>6hfi  ^o  ^oI 

-Tata  o-i&cv  tft  b^ks'j.--'vs.  of-?- 


«c^  "06i  -r-t  ^ipls^^car  -Jtt  ^sir2!9ado  t^^jl 

*^0V  e^^-xam  *«rf3.iom: ‘saTui.i  Tvi^"la  sslquisa  ':o 

-1^  liB  e<S  nt  von  JOl  «,  . 

"*'*^'*!'i  'io  toitfcq  ••*. 


- 16  - 


' =-  PROGRSrS  REPORT  ON  TEX/iS  Gii/IPEFRUIT  i^EARCH 

F.  P.  Griffiths j Albert  E.  Purcell,  Bruce  J.  Lime 

Southern  Utilization  Research  Branch 
U,  S . Fruit  and  Vegetable  Products  Laboratory 
Weslaco,  Texas 

.The  Weslaco  Laboratory  activities  are  devoted  to  research  on  the  utili- 
zation of  fruit  and  vegetable  products.  The  work  on  citrus  fruit  is  the 
major  project,  imder  the  title  ‘'Development  of  improved  methods  of  pro- 
cessing Texas  pink  and  red  grapefruit  to  obtain  products  of  optimum  color 
and  flavor  for  military  and  civilian  use."  The  emphasis  is  on  colored 
grapefruit  because  80^o  of  the  new  plantings  of  citrus  are  colored  grapefruit. 

Work  on  concentrated  juice  will  be  postponed  until  fruit  is  more  abundant. 
Present  emphasis  is  on  the  inprovement  of  single -strength  juice  of  Ruby  red 
grapefruit  by  pulp-fortification.  Methods  of  color  evaluation  are  necessary 
to  evaluate  the  products  and  to  provide  information  on  the  development  and 
disappearance  of  the  color  in  the  fruit. 

Studies  previously  reported  show  color  development  in  relation  to  seasonal 
maturity  of  the  fruit.  This  report  indicates  that  the  color  maximum  is 
reached  before  optimum  maturity  of  the  fruit.  There  is,  therefore,  a rel- 
atively short  processing  period  for  obtaining  the  most  color.  Continued 
work  the  past  two  seasons  has  confirmed  this  seasonal  change. 

The  content  of  carotenoid  pigments  lias  been  found  to  correlate  well  with 
reflectance  measurements  of  the  blended  edible  portion  of  the  fruit.  The 
correlation  is  expressed  by  comparing  the  a/b  ratio,  i,e.  redness/yellowness 
ratio  obtained  from  the  Gardner  Automatic  Color  Difference  Meter,  with  the 
ratio  of  lycopene/2  times  the  concentration  of  carotene. 

The  method  of  measuring  the  pigments  consists  of  removing  most  water  sol- 
uble material  from  the  blended  fruit  by  mixing  with  an  equal  volume  of 
methyl  alcohol  and  filtering.  The  pigments  are  then  extracted  by  blending 
the  colored  pulp  on  the  filter  pad  with  a 50-50  mixture  of  acetone  and 
hexane.  The  extract  is  washed  to  remove  the  acetone  and  dried  with  sodium 
sulfate.  The  light  transroittancy  is  determined  at  and  505  millii'.iicrons . 
The  apparent  lycopene  and  carotene  values  are  calculated  by  simultaneous 
equations  according  to  the  procedure  outlined  by  Comar  and  Zscheile, 

According  to  unpublished  correspondence  from  Dr,  Curl,  Western  Utilization 
Research  Branch,  mature  red  grapefruit  contained  31.0^  carotenes  (mainly 
beta  with  lesser  araounts  of  zeta  and  gaimaa),  $3»9%  lycopene,  7*8^  colorless 
polyenes,  and  6,7/j  carotenoids.  These  results  would  indicate  that  the  caro- 
tene and  lycopene  values  obtained  by  use  of  simultaneous  equations  after 
measuring  absorbtion  at  and  505  m ;u,  are  slightly  high.  Previous  an- 
alyses involved  separation  of  the  pigments  on  a column  of  magnesium  oxide 
and  filter  aid,  and  elution.  This  chromatographic  procedure  yielded  re- 
sults which  averaged  about  lower  for  lycopene  and  20^  lower  for  carotene 
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than  values  obtained  on  the  extract  without  separation  of  the  pigments. 

A correlation  between  the  reflectance  measurements  and  pigments  deter- 
mined by  use  of  chromatographQr  was  not  readily  apparent.  The  discrep- 
ancy between  the'  two  methods  of  pigment  analysis  is  now  being  studied 
by  the  Analytical  and  Pl:^sical  Chemistry  Section  of  Southern  Utiliza- 
tion Research  Branch  in  New  Orleans, 

Data  have  been  accumulated  which  show  a direct  relationship  between 
color  and  pulp  content  of  the  juice.  In-plant  work  this  season  is  ex- 
pected to  provide  necessary  information  for  the  addition  and  suspension 
of  maximum  amounts  of  colored  pulp  for  coriimercial  preparation  of  single- 
strength juice.  In  addition  to  increased  color  there  will  be  an  in- 
crease in  provitamin  A and  an  increase  in  yield. 

Seasonal  color  measurements  by  reflectance  and  pigment  analysis  have 
indicated  a slightly  greater  color  from  groves  on  sandy  loam  than  on 
the  heavier  clay  soils, 

A more  intensive  investigation  of  color  variation,  development,  and 
decline  in  Ruby  Red  grapefruit  is  in  progress.  In  cooperation  with  the 
Citrus  Rootstock  Investigations  Section  of  the  Horticultural  and  Crops 
Research  Branch  of  Agricultural  Research  Service  and  Brajich  l5,  Texas 
Agricultural  tbcperiment  Station,  studies  are  in  progress  on  the  varia- 
tions caused  by  growing  Ruby  Red  budx<jood  on  different  rootstocks. 

Work  on  color  development  in  Red  blush,  Thompson  pink,  and  Marsh  seed- 
less grapefruit  is  in  progress.  Pigment  analyses  of  the  three  types 
were  started  in  June  and  are  being  made  at  two-week  intervals.  The  pig- 
ment content  of  the  white  fruit  has  remained  nearly  constant.  The  lyco- 
pene content  of  the  red  and  pink  fruit  reached  a maximum  near  the  end  of 
September  and  declined  quite  rapidly.  The  carotene  content  continued  to 
increase  for  at  least  two  more  months.  It  was  found  that  during  the 
early  part  of  the  sampling  season  incubation  of  chunics  of  the  edible  por- 
tion caused  an  increase  in  the  amount  of  pigment.  The  mechanism  of  the 
increase  has  not  yet  been  explained. 


r 
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VAPOll  PE\SE  CH  O^.TOGilAPKY— A IIEV/  TECHIIIQUE 

1/ 

R,  A.  Bernhard 


Western  Utilization  xlesearch  Branch 
Fruit  and  Vegetable  Chemistry  Laboratory 
Pasadena,  California 

I • 


Distillation  is  the  :.iethod  normally  employed  in  the  analysis  and  sepa- 
ration of  volatile  materials.  The  recent  development  of  gas-liquid  par- 
tition chromatography  (GLPC)  may  well  revolutionize  analytical  chemistry. 
The  term  chromatography  has  become  a convenient  generic  description  for 
analytical~separations  depending  upon  differential  sorption  or  solution 
of  the  components  of  a flovdng  mixture  with  respect  to  a stationary  solid 
medium,  and  severa.l  variations  of  this  method  have  become  established  for 
different  purposes. 

GLPC  differs  from  conventional  chromatography  in  that  the  adsoit>ent  is  re- 
placed by  a relatively  non-volatile  liquid,  e.g.  silicone  fluid,  retained 
on  a solid  support,  such  as  Celite  while  the  mobile  phase  is  no 

longer  a liquid  but  an  inert  gas,  e.g,  helium.  Volatile  components  of  a 
mixture  are  eluted  from  such  a column  at  rates  proportional  to  their  res- 
pective vapor  pressures  over  the  column  liquid.  Other  factors  influence 
the  elution  rates  (i.e.,  the  degree  of  separation),  such  as  van  der 
V/aal's  forces,  l:ydrogen  bonding,  etc.  The  process  of  separation  is  thus 
clearly  analogous  to  extractive  distillation,  and  the  efficiency  of  the 
column  may  be  expressed  in  terms  of  the  number  of  theoretical  plates.  On 
this  basis,  efficiencies  as  high  as  1000  theoretical  plates  in  a four-foot 
column  are  possible.  By  choice  of  an  appropriate  material  for  the  sta- 
tionary phase  it  is  possible  to  influence  the  differential  vapor  pressure 
between  components  in  such  a manner  that  closely  boiling  or  azeotrope- 
forming compounds  may  be  readily  separated. 

Other  advantages  of  GLPC  are  its  speed,  convenient  size,  econoiry  of  sample 
material,  and  durability.  Very  often  little  more  than  l5  minutes  are 
needed  for  the  complete  separation  of  a complex  mixture.  Extremely  small 
(ca.  0,02  ini.)  quantities  of  a mixture  are  required  for  an  analysis,  the 
lower  lii'.dt  being  set  only  by  the  sensitivity  of  the  detecting  device  and 
not  by  the  column.  After  complete  elution  of  one  sample,  a partition 
column  nay  be  immediately  used  again  for  the  next  analysis.  ITo  cleaning 
is  required.  Thus,  provided  the  stationary’-  phase  is  stable  and  non- 
volatile under  the  conditions  of  operation,  one  column  can  be  employed  for 
an  indefinite  nuriiber  of  analyses. 

If  separation  is  complete,  each  eluted  substance  leaves  the  column  as  a 
discrete  band,  and  with  use  of  a thermal  conductivity  cell  as  a detecting 


1/  Employed  by  Lemon  Products  Advisory  Board  under  Memorandum  of  Understanding. 
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device,  each  substance  gives  a concentration  curve  or  elution  "peak” 
on  the  recoixler,  provided  only  that  its  thermal  conductivity  differs 
from  that  of  the  carrier  gas  stream.  Two  substances  with  similar  con- 
ductivities will,  if  resolved,  give  separate  "peaks"  which  are  easily 
distinguishable . 

GLPC  is  applicable  to  production  control,  quantitative  and  qualitative 
detection  of  impurities  in  a product,  separation  of  components  in  a 
natural  product,  detection  of  reaction  products  on  cpmpletion  of  a chem- 
ical reaction,  chemical  kinetics,  and  a host  of  other  most  useful  ap- 
plications. 


